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ABSTRACT 
A simple, non-invasive technique of assessing the stability of the human pre-
corneal tear film is tested for usefulness in diagnosing subjects with dry eye. 
Changes are observed in the reflection of the keratometer mire, which is in the form 
of a grid pattern (HIR-CAL Grid). Thinning and breaks in the tear film appear as 
random discontinuities in the grid image. The stability of the pre-corneal tear film 
was assessed (based on tear pre-rupture phase time (TP-RPT)) in nine normal subjects 
and nine subjects with dry eye. There was a significant difference between the 
groups, the dry eye TP-RPT averaging 27% less than the TP-RPT of normal eyes. 
This supports the findings of other non-invasive approaches in measuring tear film 
stability. Applications of this technique include diagnosing dry eye and selecting 
successful contact lens wearers. 
KEY WORDS: dry-eye syndrome, tear pre-rupture phase time (TP-RPT), contact 
lenses, non-invasive, pre-corneal tear layer, HIR-CAL grid 
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The assessment of the pre-corneal tear film is helpful in determining if a 
patient will be a successful contact lens wearer (Holly, 1981) and in diagnosing dry 
eye disorders. 
Most literature describes the tear layer as having three structures. The outer 
lipid layer is primarily secreted from the meibomian glands; the middle aqueous 
portion is produced by the main and accessory lacrimal glands; and the mucin layer of 
mostly acidic glycoproteins is secreted by the conjunctival goblet cells (Doane and 
Gleason, 1994). When the lipid layer contaminates the mucin layer, a local thinning 
results and breakup eventually occurs. Epithelial defects, contact lens deposits, and 
vertical convection currents in the tear increase the speed of this localized thinning 
(Holly, 1980) and eventually cause tear breakup. This tear thinning has been 
described as a first component of instability called the pre-rupture phase (TP-RPT). 
The complete rupture of the tear film is considered the second component (Hirji et al., 
1989). 
There are several techniques available for assessing pre-corneal tear film 
stability, a more popular one including staining of the tears with fluorescein and 
measuring the time it takes for the film to rupture after the patient blinks (Break Up 
Time (BUT))(Lemp, 1973). Vanley, Leopold, and Gregg (1977) found considerable 
variability and inconsistent reproducibility in their study on tear film breakup using 
this method. It has been proven that fluorescein reduces the tear film surface tension 
and increases the rate of evaporation of the tear film (Patel et al., 1985). Non-invasive 
techniques to gauge tear film integrity have been described which provide 
comparable alternative methods of assessment (Hirji et al., 1989; Mengher et al., 
1984). This study qualifies the clinical usefulness of a reflecting grid attached to a 
keratometer in its non-invasive measurement of the TP-RPT (tear pre-rupture phase 
time) of dry and normal eyes. 
METHODS 
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Patient Selection 
Nine randomly selected normal subjects (five women and four men, age range 
20-45 years) were accepted into the study. Nine established dry eye subjects (seven 
women and two men, age range 20-45 years) were also selected. The patients were 
screened for no history of ocular allergy, no anterior eye infection, no surgery, no 
external eye disease or systemic disease. All patients were not taking topical or 
systemic drugs and were in good health. The subjects willingly volunteered to 
participate in the study after an explanation of the procedures. 
Instrumentation design 
An ophthalmic instrument was designed for non-invasive assessment of pre-
corneal tear film stability based on the 1989 works ofHirji, Patel, and Callander. 
First a sheet of ordinary graph paper was photocopied on to black and white negative 
photographic paper and magnified X 2. A circular pattern of the HIR-CAL grid was 
cut to size and replaced the existing mire in a Bausch and Lomb keratometer. 
Components of the HIR-CAL grid are displayed in Figure 1. The patient's view is 
illustrated in Figure 2, while an example of blurring and distortions of the reflected 
mire is demonstrated in Figure 3. 
Insert Figures 1, 2, and 3 About here. 
A mirror beam splitter (51 X 76 X 3) was glued at a 45-degree angle with the 
keratometer light in an attempt to fill the center blank spot with continuous mire 
image. The total coverage of the mire projection included the central 7.07 mm2 (3-
mm diameter). 
The subjects were instructed to blink a few times while they held their chin 
and forehead in the keratometer restraints. Timing with a stopwatch began with the 
last complete blink and ended with the first sign of loss of tear film integrity: random 
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discontinuity of the mire reflection, the first defocus, or when the lines distorted. In 
this manner, three readings were taken for the right eye, then three for the left. 
The laboratory environment consisted of a dark room to enhance the contrast 
of the reflected mires. Room temperature was monitored at 23° C and constant 
humidity. No ventilatory currents were evident. 
108 measurements of TP-RPT were measured, 27 on dry right eyes, 27 on dry 
left eyes, 27 on normal right eyes, and 27 on normal left eyes (three per subject). 
Descriptive statistical analysis was applied to all normal eyes and all dry eyes. 
Student's t-test for 54 paired observations each was applied to check for a difference 
between dry right and left eyes and normal right and left eyes. Student's t-test was 
applied again, this time the paired observations applying to all normal eyes and dry 
eyes to determine a difference p<0.05. A histogram was plotted for frequency 
distribution of the normal eyes and a separate one for dry eyes. 
RESULTS 
Normal subjects 
A frequency distribution of the tear pre-rupture phase time (TP-RPT) for 54 
normal eyes (combined right and left) is illustrated in Figure 4. The tail is positively 
skewed, with 0% of observations between 0-5 seconds, 37% between 6-10 seconds, 
47% between 11-15 seconds, 12% between 16-20 seconds, and 6% between 21-26 
seconds. The mean TP-RPT of 12.02 seconds falls in the largest interval of 11-15 
seconds. Table 1 shows the descriptive statistics of number of observations, 
minimum, maximum, median, mean, standard error, variance, and standard deviation. 
--------------------------------------------------------1 Insert Figure 4 and Table I About here. 
~------------ - ------ -- - - -------------------------------~ 
Dry eye subjects 
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A frequency distribution of the tear pre-rupture phase time (TP-RPT) for 54 
dry eyes (combined right and left) is illustrated in Figure 5. The tail, again, is 
positively skewed, this time with 13% of the observations falling between 0-5 
seconds, compared with 0% of normal eyes. The largest category was from 6-10 
seconds, comprising 65% of the dry eye subjects, compared to only 37% of normal 
eyes. 14% were between 11-15 seconds, 6% between 16-20 seconds, and 4% 
between 21 or more seconds. A mean of 8. 76 seconds places it in the largest category 
of dry eye subjects, 6-10 seconds. Table 2 illustrates the descriptive statistics for dry 
eyes. 
~-----------------------------------------------------, 
1 Insert Figure 5 and Table 2 about here. 1 
I 
·-----------------------------------------------------~ 
There was no significant difference ofTP-RPT between right and left eyes of 
normal or dry eyes. When the Student's t-test is applied for the null hypothesis, i.e., 
there is no significant difference between the right and left eyes, it is accepted at the 
5% level on data for normal eyes and data for dry eyes. (See Table 3). 
~------------------------------------------------------, 
1 Insert Table 3 about here. 1 
I_ -- - - - -- - -- - - ----- -- -- - --- - - -- - - - --- - - - ----- - - - - - --- - - -· 
There was a significant difference of TP-RPT between dry eyes and normal 
eyes. When the Student's t-test is applied for the nu11 hypothesis, i.e., there is no 
significant difference between the dry eyes and normal eyes, it is rejected at the 5% 
level. (See Table 4 ). 
-------------------- ins~rt-ia"ble_4_ ab~trt-h~re.-------------------- -~ 
I 
--------------------------------------------------------
DISCUSSION 
The average measurements of tear stability for dry eyes were expectedly 
lower than normal eyes for the HlR-CAL grid. The times obtained in this study were 
lower than those obtained by a similar method of non-invasive technique used by 
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Mengher (1985). In his study, a grid pattern was inscribed inside a 20 em-radius 
hemispherical bowl that mounts on a slit lamp. Comparing the averages of Mengher 
(normal right eye mean 47.9 seconds, normal left eye mean 35.1 seconds; dry right 
eye mean 22.2 seconds, dry left eye mean 11.3 seconds), the averages of this study 
are much lower (all normal eyes mean 12.0 seconds, all dry eyes mean 8.8 seconds). 
One reason for this could be the wide variation between normal subjects in 
Mengher's experiment. Another could be that with the IDR-CAL grid on the 
keratometer, the experimenter is only viewing the central3.0 mm whereas the view 
is across the entire cornea in Mengher's apparatus. The wider view allows for more 
area to be scanned. Hence the observer does not detect areas of thinning as quickly. 
The TP-RPT was lower for normal eyes in this study using almost the same 
technique than when it was first studied by Hirji and Callander (1989). The mean for 
normal eyes is 12.0 seconds in this study, compared to 18.3 seconds in 1989. Several 
factors could have influenced this result. One could be the interpretation of the grid 
discontinuities by the examiner. Another factor could be the environment including 
temperature, air drafts, and humidity. Measurements were gathered in a dark room, a 
criteria not mentioned in the Hirji-Callander study. Such contrast could enhance the 
grid lines making it easier to notice a slight unevenness. Perhaps the addition of the 
central reflecting mirror attached to the keratometer in this study made the assessment 
more accurate across the central cornea as well . 
The right and left eyes showed no significant difference between them, 
agreeing with the results of the Hirji and Callander study of 1989. The measurements 
ofTP-RPT are so short that reflex tearing in the left eye after the other eye has been 
measured probably will not have much effect. Another study on the sequence of 
measuring could investigate that factor further. 
The TP-RPT was lower in normal eyes compared to the normal tear thinning 
time (12.0 seconds compared to 18 seconds) (Patel, 1985). Tear thinning time is a 
similar assessment of the stability of the pre-corneal tear film with the use of the 
regular mires on a keratometer. Even with flourescein added, the tear thinning time 
was still higher at 14.4 seconds. 
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CONCLUSION 
The results of this study show that the simple, non-invasive technique of a 
reflecting IDR-CAL grid off the cornea projected from a common B & L keratometer 
is useful as an alternative approach to assessing dry eye conditions. This method 
would be useful in evaluating contact lens surface abnormalities resulting from 
physiologically unstable tears or the characteristics of the lens itself With automated 
keratometry becoming more popular, more and more clinicians may have an idle 
keratometer collecting dust that could be utilized with this technique. 
ACKNOWLEDGEMENTS 
Dr. Karl Citek, O.D., Ph.D., aided in the assembling of the special keratometer. 
10 
REFERENCES 
Doane MG, Gleason WJ. Tear Layer Mechanics. In: Bennet, ed. Clinical Contact 
Lens Practice, Lippincott, 1994: 2-3. 
Hirji N, Patel S, Callander M. Human tear film pre-rupture phase time (TP-PRT)- A 
non-invasive technique for evaluating the pre-corneal tear film using a novel 
keratometer mire. Ophthal Physiol Opt 1989 Apr; 9: 139-142. 
Holly FJ, Lemp MA. Tear physiology and dry eyes. Surv Ophthalmol1977 22: 6. 
Holly FJ. Formation and rupture of the tear film. Exp Eye Res 1973 15: 515. 
Holly FJ. Tear film physiology and contact lens wear. ll. Contact lens-tear film 
interaction. Am J Opt Physiol Opt 1981 Apr~ 58(4): 252-257. 
Lemp M A, Hamil JR. Factors affecting tear film break up in normal eyes. Arch 
Ophthalmol 1973 89: 103-105. 
Mengher LS, Bron AJ, Tonge SR, Gilbert DJ. A non-invasive instrument for clinical 
assessment of the pre-corneal tear film stability. Current Eye Res 1985 4(1): 
1-7. 
Patel S, Murray D, McKenzie A, Shearer DS, McGrath BD. Effect of fluorescein on 
the tear film break up time and tear thinning time. Am J Opt Physiol Opt 1985 
Mar; 62(3): 188-200. 
Vanley GT, Leopold lli, Gregg TH. Interpretation of tear film break-up. Arch 
Ophthalmol 1977 Mar; 95: 445-448. 
11 
Figure 1 Components of the HIR-CAL grid 
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Figure 2 Patient's view 
Figure 3 Examiner's view 
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Distribution of TP-RPT in normal eyes 
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Figure 4 Distribution of tear film pre-rupture phase time (TP-RPT) for normal subjects 
Table 1 TP-RPT (in seconds) amongst normal subjects using the HIR-CAL grid 
Variable Right eyes Left eyes Combined 
; No. of observations 27.00 27.00 54.00 
Minimum 7.35 6.87 6.87 
Maximum 20.62 25.63 25.63 
Median 12.03 10.22 11.20 
Mean 12.35 11 .69 12.02 
SE 0.63 0.88 0.54 
Variance 10.78 20.87 15.63 
so 3.28 4.57 3.95 
Distribution of TP-RPT in Dry Eyes 
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Figure 5 Distribution of tear film pre-rupture phase time (TP-RPT) for all data 
Table 2 TP-RPT (in seconds) amongst nine dry eye subjects using the HIR-CAL grid 
Variable Right eyes 
-
Left eyes Combined 
::>0 No. of observations 27.00 27.00 54.00 
Minimum 4.69 3.19 3.19 
Maximum 22.41 28.00 28.00 
Median 6.84 7.47 7.44 
SE 0.74 1.06 0.64 
Variance 14.88 30.28 22.32 
so 3.86 5.50 4.72 
~ 
.0 
Table 3 t-test for paired observation 
Mean 
Variance 
t Stat 
Degrees of freedom 
Hypothesis 
Therefore reject 
Norma/eyes 
12.02 
15.63 
3.40 
53.00 
Dry eyes 
8.76 
22.32 
Ho: mean TP-RPT normal eyes = mean TP-RPT dry eyes 
Ha: mean TP-RPT normal eyes not= mean TP-RPT dry eyes 
Ho (p<O.OS) 
.v 
::::> 
Mean 
Probability 
Dry eye OD Dry eye OS _Normal ey_~ O_D No!me~J eye OS 
8.35 
p<O.OS 
9.16 
p<0.05 
12.35 
p<O.OS 
Table 4: Comparison of normal and dry-eye means 
11.69 
p<O.OS 
